Almuklass AM, Price RC, Gould JR, Enoka RM. Force steadiness as a predictor of time to complete a pegboard test of dexterity in young men and women. J Appl Physiol 120: 1410 -1417. First published April 21, 2016 doi:10.1152/japplphysiol.01051.2015The purpose of the study was to evaluate the capacity of an expanded set of force steadiness tasks to explain the variance in the time it takes young men and women to complete the grooved pegboard test. In a single experimental session, 30 participants (mean Ϯ SD) (24.2 Ϯ 4.0 yr; 15 women) performed the grooved pegboard test, two tests of hand speed, measurements of muscle strength, and a set of submaximal, steady contractions. The steadiness tasks involved single and double actions requiring isometric contractions in the directions of wrist extension, a pinch between the index finger and thumb, and index finger abduction. Time to complete the grooved pegboard test ranged from 41.5 to 67.5 s. The pegboard times (53.9 Ϯ 6.2 s) were not correlated with any of the strength measurements or the reaction time test of hand speed. A stepwise, multiple-regression analysis indicated that much of the variance (R 2 ϭ 0.70) in pegboard times could be explained by a model that comprised two predictor variables derived from the steadiness tasks: time to match the target during a rapid force-matching task and force steadiness (coefficient of variation for force) during a single-action task. Moreover, the pegboard times were significantly faster for women (51.7 Ϯ 6.8 s) than men (56.1 Ϯ 4.9 s). Participants with slower pegboard times seemed to place a greater emphasis on accuracy than speed as they had longer times to match the target during the rapid force-matching task and exhibited superior force steadiness during the single-action task. hand function; grooved pegboard; muscle strength; reaction time; sex differences
WHEN AN INDIVIDUAL performs a steady contraction with arm, hand, or leg muscles, the force exerted by the limb is not constant but rather fluctuates about an average value. Force steadiness is a measure of the fluctuations in force (standard deviation or coefficient of variation) when an individual attempts to maintain a constant force during a brief submaximal contraction (20) . Findings from computational (48) and experimental (25) studies indicate that differences in force steadiness depend more on the discharge characteristics than the force capacity of motor units (13) . Although some experimental evidence has indicated an association between force steadiness and the variability in discharge times of individual motor units (30, 36) , this has not been a consistent finding (2, 38, 45) . Rather, evidence suggests that differences in force steadiness can be explained by the cumulative activity of the involved motor units (11, 14, 44) . In a seminal demonstration of this association, Farina and colleagues showed that 74% of the variance in muscle force during steady, low-force contractions could be explained by low-frequency modulation (Յ10 Hz) of motor unit discharge times, which was attributed to the common synaptic input received by the motor neurons (7, 15, 38) . The measurement of force steadiness during such tasks, therefore, provides a quantitative measure of the effective control signal generated by spinal motor neurons (16) .
Several studies have reported significant associations between measures of force steadiness and motor function. For example, the coefficient of variation for force during submaximal isometric contractions (Յ50% of maximum) with the knee extensors was greater for old adults (Ն70 yr) with a history of falls relative to those who had not fallen (6) and explained statistically significant amounts of the variance in chair rise time and stair-climbing power (46) . Similarly, old adults (60-85 yr) who performed 8 wk of steadiness training with moderate loads (30% of maximum) experienced a reduction in the coefficient of variation for force during submaximal isometric contractions (Յ65% of maximum) with the elbow flexors and knee extensors and improved performance on single-leg balance and ascending and descending stairs (28) . Moreover, practice-induced decreases in the time to complete a pegboard test of manual dexterity were significantly correlated with improvements in force steadiness during submaximal contractions with hand muscles (29, 33) .
Differences in force steadiness can also explain significant amounts of the variance in performance for some tests of motor function, such as the time to complete the grooved pegboard test. In a cross-sectional study of pegboard performance, Marmon et al. (34) found that two predictor variables-force steadiness during index finger abduction and handgrip strength-explained a moderate amount of the variance in pegboard times (R 2 ϭ 0.36) exhibited by 75 participants (18 -89 yr). Time to complete the grooved pegboard test was fastest for young adults (mean Ϯ SD) (59 Ϯ 6 s), slowest for old adults (89 Ϯ 16 s), and intermediate for middle-aged adults (66 Ϯ 9 s). Within each age group, however, a statistically significant regression model (R 2 ϭ 0.59) was only evident for the old adults (75 Ϯ 6 yr, n ϭ 25). The model included three predictor variables: age, force steadiness for index finger abduction, and pinch grip strength. The strength and force steadiness data obtained by Marmon et al. (34) were not able to explain the variance in times to complete the grooved pegboard test for either the young (26 Ϯ 4 yr, n ϭ 25) or middle-aged (51 Ϯ 6 yr, n ϭ 25) adults.
The primary purpose of the current study was to evaluate the capacity of an expanded set of force steadiness tasks to explain the variance in the time it takes young adults to complete the grooved pegboard test. Because of previous reports of a sex difference in some tests of manual dexterity (3, 4, 32, 35, 43) , a secondary purpose of the current study was to compare the pegboard times of men and women. The hypothesis was that a significant amount of the variance in pegboard times for young men and women could be explained by two to three characteristics derived from an expanded set of force steadiness tasks. Moreover, women were expected to exhibit faster times than men to complete the grooved pegboard test (4, 43) .
METHODS
Thirty young adults (24.2 Ϯ 4.0 yr; 15 women) met the inclusion criteria and participated in the study after written informed consent was obtained. All subjects were right-handed (95 Ϯ 10; range: 65-100), as indicated by the Edinburgh Handedness Inventory-Short Form (52), free from neurological disease, screened for musculoskeletal abnormalities that could influence upper limb function, and not taking any medications known to influence neuromuscular or cognitive function. The Institutional Review Board at the University of Colorado Boulder approved the protocol (Protocol no. 14-0356).
Each individual enrolled in the study participated in one experimental session that lasted ϳ2 h. The primary outcome variable was the time to complete a test of manual dexterity (42) , the Lafayette grooved pegboard test (3, 49, 53) . The secondary outcome variables included measures of hand speed, muscle strength, and force steadiness to characterize the three latent domains of hand function: strength, coordinated upper extremity function, and sensorimotor processing (31) .
Grooved pegboard test. The grooved pegboard test required participants to place keyhole-shaped metal pegs into 25 holes on a board as quickly as possible. The holes also have keyhole shapes and are arranged in a 5 ϫ 5 matrix on the board with the orientation of the keyholes varying across the board. The task was to use the right hand to fill the board one hole at a time, beginning from the top left and finishing at the bottom right. Participants practiced the task by inserting pegs into the first row of holes and then performed the test. Performance was quantified as the time taken from a verbal "Go" signal until the final peg was inserted. Each participant performed the task three times, but the regression analysis was based on the time to complete first trial of the pegboard test as specified in the National Institutes of Health (NIH) Toolbox protocol.
Tests of hand speed. Because of the possibility that hand speed might influence the time to complete the grooved pegboard test (4, 43) , participants performed two tests to characterize the ability to move the hand rapidly to a prescribed target. A measure of reaction time for hand function was derived from the time it took participants to manipulate the position of a cursor on a screen with a computer mouse. The task involved 25 repetitions (trials) of clicking on a target in the center of the screen and then rapidly clicking on a second target that appeared on the screen after the initial click. The size of the secondary targets varied, and they appeared in random order at different locations on the screen. Participants were presented with the same targets, but in a random order. The elapsed time between initial and secondary clicks was measured and averaged across trials to provide the measure of reaction time for this task (21) .
The other measure of hand speed was the time to match the target forces during rapid single-and double-action force steadiness tasks. These force-matching times were specific to the actions required for the expanded set of force steadiness tasks examined in the current study (see FORCE STEADINESS) . Each trial began with a "Go" signal, similar to that for the pegboard test, and the time taken to match the target line [5 or 10% of maximal voluntary contraction (MVC) force] was measured off-line.
Muscle strength. Because of the significance of muscle strength as a determinant of hand function (31) , the strength of the muscles involved in the pegboard test was characterized with four measures of the peak force exerted during MVCs: handgrip, wrist extension, index finger abduction, and thumb-index finger pinch. Each MVC required the participant to increase force from rest to maximum gradually over a 3-s period and then to maintain the maximal force for ϳ3 s. Participants were provided with strong verbal encouragement during each MVC trial. Each MVC task involved at least two trials with additional trials performed if the difference in the peak force for the two MVCs was Ͼ5%. On average, participants performed three to four trials for each MVC task, and the peak force was used as the index of muscle strength.
The four MVC tasks were performed with the right hand and arm while the subject was seated. Handgrip strength was measured by squeezing a dynamometer (Hydraulic Hand Dynamometer; Baseline Evaluation Instruments, Irvington, TX). The other three MVC tasks (wrist extension, index finger abduction, and thumb-index finger pinch) required the participant to place the right hand in a prone position on a cushion with the forearm secured to a metal stand using polyester straps and foam cushioning (Fig. 1 ). The force exerted during wrist extension was measured with a force transducer (0.0056 V/N, Model 45E15A-U760-A; JR3, Woodland, CA) that was fixed to a rigid restraint aligned with the knuckles (heads of metacarpals 2-5) on the dorsal surface of the hand. The abduction force produced by the index finger was measured with a button force transducer (0.049 V/N, Model LLB130; Futek, Irvine, CA) that was placed against the proximal interphalangeal joint. The force generated during the pinch grip was measured by having participants squeeze a similar button force transducer between the thumb and index finger.
Force steadiness. The expanded set of force steadiness tasks required participants to move a cursor displayed on the monitor by performing isometric contractions in the directions of wrist extension, index finger abduction, or thumb-index finger pinch individually (single actions), or a combination of wrist extension with either index finger abduction or the pinch grip (double actions). These specific actions were motivated by the anatomical connections between the compartments of muscles that control digit and wrist actions (26, 51) , the distribution of activation signals among the muscles that control digit and wrist actions (22, 40, 56) , the interaction between pinch force and wrist actions when transporting a grasped object (1, 54) , and the influence of wrist movements on cortical projections to the first dorsal interosseus muscle (18, 19) .
The steadiness tasks required the participant to match a target force displayed on a monitor placed 1.5 m in front of the seated position. The target force was set at either 5 or 10% of the MVC force for the prescribed action. The target forces for the single actions were displayed as either a horizontal (wrist extension) or a vertical (index finger abduction and pinch) line on the monitor (Fig. 1) . The target for the double actions comprised a circular target located in the middle of the monitor, which was achieved by performing both actions concurrently. The gain of the visual feedback was scaled to 20% MVC force in both the vertical and horizontal directions, and participants viewed the monitor while performing the force steadiness tasks.
After a few practice trials with each task, participants performed three trials of each single-and double-action task. The single-action tasks were performed before the double-action tasks, and the order for target force was counterbalanced (5 or 10% MVC) across subjects. The first trial for each steadiness task was used to measure hand speed during a rapid force-matching task. Participants were instructed to move the cursor to the target as quickly and accurately as possible and to maintain a steady force for ϳ10 s (Fig. 2A) . The participant began this trial as quickly as possible after hearing a "Go" signal from one of the investigators. The next two trials were used to quantify force steadiness as the coefficient of variation for force. The instruction was to increase the applied force gradually to match the target force displayed on the monitor and to exert a steady force for 30 s.
The signals recorded by the three force transducers (wrist extension, index finger abduction, and thumb-index finger pinch) were low-pass filtered at 50 Hz (V75-48 High Performance Bandpass Filter; Coulbourn Instruments, Whitehall, PA) and sampled at 2,000 Hz with an analog-to-digital converter (Power 1401; Cambridge Electronic Design, Cambridge, UK). The force data were obtained with Spike2 data acquisition software (Version 5.20; Cambridge Electronic Design, Cambridge, UK) and stored on a computer for off-line analysis.
Data analysis. Force steadiness was quantified as the coefficient of variation for force over selected segments of each force record (Fig.  1) . The selected segment was determined after identifying the point in time when the subject was deemed to have successfully matched the target force. The coefficients of variation for force during the second and third trials of each task were averaged to provide a single measurement of force steadiness for each participant. The timing of the target-matching performance for the test of hand speed was determined from the first steadiness trial when the participants were instructed to reach the target force as quickly as possible. Because of differences in the force trajectory between the single-and doubleaction tasks (Fig. 2) , timing was quantified as the time when the subject first matched the target force (Fig. 2C) . Because of the capacity of visual inspection to detect specific events in noisy signals (23) , time to match the target force during the rapid force-matching task was determined by independent assessment and agreement of all four investigators.
Within-subject ANOVAs were used to compare the times to match the target force (test of hand speed) and the coefficients of variation for force during the single-and double-action tasks at the two target forces (5 and 10% of MVC). As a conservative assessment of statistical significance, differences between selected means were examined with the Tukey post hoc test and Bonferroni corrections. Some means were compared with paired or unpaired t-tests. Pearson correlations were used to examine the associations between the time to complete the grooved pegboard test and the secondary outcome variables. Based on the results obtained with the correlation analysis, a backwards, stepwise, multiple-regression analysis was used to construct a model that predicted the variance in the times to complete the first trial of the grooved pegboard test. Multicollinearity was estimated with variance inflation factor (VIF). All statistical procedures were performed with SPSS Statistics (version 22.0; SPSS, Chicago, IL) with ␣ set at 0.05.
RESULTS
The measurements obtained from 30 participants (15 women) comprised time to complete the grooved pegboard test and assessments of hand-arm strength, hand speed, and force steadiness during submaximal, isometric contractions. Relative to the women, the men were older (25.9 Ϯ 4.7 yr and 22. 56.1 Ϯ 4.9 s, respectively) and the average for all three trials (49.7 Ϯ 6.4 s and 53.5 Ϯ 3.6 s, respectively). Based on the NIH Toolbox protocol for administering a pegboard test of manual dexterity, time to complete the first trial was used in the regression analysis. There were no statistically significant correlations (P Ͼ 0.05) between the time to complete the grooved pegboard test for all participants and any of the strength measurements: handgrip (r ϭ 0.11), wrist extension (r ϭ 0.21), pinch grip (r ϭ 0.03), and index finger abduction (r ϭ 0.10). In addition to men having greater handgrip strength values than women (P Ͻ 0.001), their MVC forces were also greater for wrist extension (P Ͻ 0.001), pinch grip (P Ͻ 0.04), and index finger abduction (P Ͻ 0.001).
Time to complete the grooved pegboard test (53.9 Ϯ 6.2 s) was not significantly correlated (r ϭ 0.09) with the time to complete the reaction time test derived from manipulating a computer mouse (922 Ϯ 79 ms), and there was no difference (P ϭ 0.17) in the reaction times for men (901 Ϯ 67 ms) and women (942 Ϯ 88 ms). As expected, time to match the target force (5 or 10% MVC) during the rapid force-matching task was longer for all three double-action tasks than the singleaction tasks, but there were no statistically significant differences between target forces (Table 1) .
There were statistically significant differences in the coefficients of variation for force during some single-and doubleaction steadiness tasks (Table 2 ). For example, it was reduced at the greater target force (10% MVC) for the wrist extensors during the double action with the pinch and during both single and double actions for the pinch. Moreover, the coefficients of variation for force were greater during the double-action tasks involving wrist extension and index finger abduction for both target forces. There were no statistically significant sex differences in the coefficients of variation for force across the singleand double-action tasks, except that the values for women (5%: 2.75 Ϯ 0.82%; 10%: 1.91 Ϯ 0.71%) were greater than those for men (5%: 1.88 Ϯ 0.41%; 10%: 1.26 Ϯ 0.20%) when performing the single-action wrist extension at the two target forces. To identify candidate variables to be included in the multiple-regression analysis, correlations were examined between time to complete the grooved pegboard test and the measures of force steadiness (coefficient of variation for force) and the hand speed test of time to match the target force during the first steadiness trial of each task. The only statistically significant correlation between the pegboard times and coefficient of variation for force was the single-action wrist extension task to a target force of 10% MVC (Table 3 ). The negative correlation indicated that longer times to complete the pegboard test were associated with lesser values for the coefficient of variation for force.
In addition, the pegboard times were significantly correlated with the hand speed tests of time to match the target force during the double-action pinch task (5 and 10% MVC force) and the single-action index finger abduction task (5% MVC force; Table 4 ). Moreover, the correlation coefficients were statistically significant at the greater target force (10% MVC) for both men and women during the double-action pinch task, but only for men during the single-action index finger abduction task at both target forces (5 and 10% MVCs). The mean Ϯ SD for the time to match the pinch target force (10% MVC) during the double-action task was 2.81 Ϯ 1.18 s, and the difference between men (2.97 Ϯ 1.2 s) and women (2.64 Ϯ 1.2 s) was not statistically significant (P ϭ 0.45). The statistically significant correlations in all instances were positive, indicating that slower pegboard times were associated with longer times to match the target during the rapid force-matching task.
The variables that were significantly correlated with the pegboard times were entered into the stepwise, multiple-regression analysis. The analysis converged on a model with two significant predictor variables: time to match the 10% MVC force during the rapid double-action pinch task (partial r ϭ 0.78; VIF ϭ 1.06) and the coefficient of variation for force during the single-action wrist extension task (partial r ϭ Ϫ0.48; VIF ϭ 1.06). The model explained 70% of the variance in the observed times to complete the grooved pegboard test (Fig. 3) . Because of the limited number of participants in each group (n ϭ 15), it was not possible to examine the potential determinants of the sex difference in time to complete the grooved pegboard test.
DISCUSSION
The main finding of the study was that most of the variance (R 2 ϭ 0.70) in the time it took young men and women to complete the grooved pegboard test could be explained by a force-matching test of hand speed and one of the measures of force fluctuations derived from the expanded set of steadiness tasks. In addition, times to complete the test of manual dexterity were faster for women than men.
Predictor variables. The current study continued the approach of Marmon et al. (34) to identify the neuromuscular characteristics that could explain the variance in pegboard times for young adults. Consistent with the previous results, the pegboard times for the young adults were not related to the strength of key muscles (handgrip, wrist extensors, pinch grip, and index finger abductors) involved in the test of manual dexterity. Moreover, there was no significant association between the pegboard times and the speed with which the participants could manipulate a computer mouse in a reaction time test. Rather, the two significant predictor variables to emerge in the current study were derived from the force steadiness tasks. The strongest predictor was the time to match the pinch target force during the rapid double-action task (Fig. 2C) , which provides a functional assessment of known interactions between the muscles that control digit and wrist actions (1, 18, 19, 22, 26, 40, 51, 54, 56) . The results indicate that the ability to match 10% MVC force with pinch grip while concurrently contracting the wrist extensors to the same target force provided a statistically significant prediction of the time to complete the grooved pegboard test. None of the other single-or double-action tasks to either target force was as strongly associated with performance on the test of manual dexterity.
As indicated by the force trajectories in Fig. 2 , the strategy used to reach the target as quickly as possible during the double-action steadiness tasks was not simply a measure of the maximal rate of force development ( Fig. 2A) , but typically (25 of the 30 participants) involved several minor adjustments in the applied force (Fig. 2C) . The capacity to match a target force during such isometric contractions appears to depend on the extent to which an individual can modulate the discharge rate of the activated motor units. For example, the ability to match a varying target force with an abduction force exerted during an isometric contraction by the index finger improved after 15 practice trials and was accompanied by a reduction in the variability (standard deviation and coefficient of variation) of the interspike intervals for motor units in the first dorsal interosseus muscle (27) . Participants who took longer to match the pinch target force (10% MVC) during the double-action task may have employed more variable discharge rates during the rapid force-matching task.
The other significant predictor variable in the current study was the coefficient of variation for force during the singleaction steadiness task with the wrist extensors when matching the 10% MVC target force. The emergence of this predictor variable is consistent with the known influence of wrist actions on pinch forces when transporting a grasped object (1, 54) . Contrary to expectations, however, the correlation coefficient was negative, which indicated that the participants with lower coefficients of variation for force during this task took longer to complete the grooved pegboard test. The reason to expect a positive association between these two variables is that greater values for the coefficient of variation for force indicate a reduced ability to perform accurate movements (8 -10, 41) , such as retrieving pegs and inserting them into holes. In contrast, the current findings indicate that the measure of force steadiness was inversely related to performance of young adults on the test of manual dexterity.
If the amplitude of the force fluctuations during steady contractions does provide a surrogate index of the effective control signal generated by spinal motor neurons (16) , the results of the current study suggest that the proportion of common synaptic input varied across some of the force steadiness tasks that were examined. The coefficient of variation for force, for example, decreased with target force for three of the seven single-and double-action tasks and increased during the double-action task relative to the single-action task involving index finger abduction (Table 2 ). There were no statistically significant group differences in the coefficients of variation for force derived from the other tasks, including the single-action wrist extension task that produced one of the two significant predictor variables. Nonetheless, those young adults who took longer to complete the pegboard test exhibited lower values for the coefficient of variation for force during the single-action wrist extension task, which suggests that they achieved the target force (10% MVC) during this task with a lesser proportion of common synaptic input. Consistent with this interpretation, Castronovo et al. (7) reported no statistically significant differences in either the coefficient of variation for dorsiflexor force or the estimated proportion of common synaptic input during steady contractions at two target forces (20 and 50% MVC).
Although the two significant predictor variables ultimately depend on the discharge characteristics of the activated motor units, this activity can be modulated by the relative emphasis on speed and accuracy when manipulating the pegs. Despite the requirement to complete the pegboard test as quickly as possible, the trade-off between speed and accuracy when moving each peg may result in individuals who value accuracy above speed taking longer to complete the test of manual dexterity (12, 17, 37) . A participant who placed a greater emphasis on accuracy, for example, would have taken longer to perform the rapid force-matching task and would have exhibited a lower coefficient of variation for force during the wrist extension task when attempting to match the target as closely as possible. The variance in times to complete the grooved pegboard test for young adults, therefore, seems to be explainable in terms of the speed-accuracy trade-off (5, 57) . Why an individual chooses to emphasize speed or accuracy when making decisions about movement strategies during such tasks may be related to their attitude toward risk (39, 55). Sex difference in pegboard times. Consistent with some prior studies (4, 43) , the current study found that young women were able to complete the grooved pegboard test (pegs: 3-mm diameter) more quickly than young men. Faster times have been reported for women aged 16 -54 yr, but not for women aged 55-70 yr (43) . Moreover, women (18 -39 yr) are faster than men independent of handedness and the hand used to perform the pegboard test (4, 35) . Similarly, Michimata et al. (35) found that young women (20 -39 yr) were able to place more pegs (3-mm diameter) into a 20-hole pegboard in 30 s than young men. Normative data for the NIH Toolbox, however, indicate no sex difference in the time to complete the 9-hole pegboard test, which involves pegs that are 6.4 mm in diameter (24) . Despite these different results with variation in peg size, the faster times for women do not seem to be attributable to differences in hand size (47) .
In contrast, men (three groups: 16 -39, 40 -54, and 55-70 yr) are able to perform a greater number of finger taps in 10 s (52.8 Ϯ 5.9, 54.3 Ϯ 5.7, and 53.5 Ϯ 6.4 taps, respectively) than matched groups of women (49.3 Ϯ 4.6, 47.0 Ϯ 5.6, and 45.7 Ϯ 5.5 taps, respectively) (43) . Similarly, there was a trend (P ϭ 0.09) for young men (20 -35 yr) to achieve a greater pinch force (177 Ϯ 33 g) than young women (155 Ϯ 44 g) when compressing an unstable spring in a strength-dexterity test (32) . These findings demonstrate that sex differences in manual dexterity depend on the test used to quantify the index of motor function (3) .
Despite these several reports indicating that young women exhibit faster times for the grooved pegboard test than young men, the underlying mechanisms are largely unknown. Unfortunately, the sample sizes in the current study (n ϭ 15 in each group) were too small to perform a multiple-regression analysis that might identify neuromuscular characteristics that could explain the variance in the pegboard times for men and women separately. Nonetheless, the results do suggest that the approach may be productive with larger sample sizes. For example, both men and women exhibited statistically significant correlation coefficients between pegboard times and time to match the pinch target force (10% MVC) during the rapid double-action steadiness task (Table 3) , which was the strongest predictor variable for both groups combined. However, only the men had a statistically significant correlation coefficient between pegboard times and time to match the target forces (5 and 10% MVC) as quickly as possible during the single-action steadiness task with the index finger (Table 4) , which emerged as a significant predictor variable in the study by Marmon et al. (34) . Although not statistically significant, there were some differences in the correlation coefficients for the two groups, especially between the pegboard times and the times to match the target force for several steadiness tasks (Table 4) . Critically, however, the coefficient of variation for force during the single-action wrist extension task-one of the predictor variables-was significantly greater for women, which suggests that the proportion of common synaptic input received by the activated motor neurons during this task was less for men. Whether or not such differences in motor unit activity would contribute to the sex difference in completion times for the grooved pegboard test remains to be determined.
In summary, participants with slower times for the grooved pegboard test had longer times to match a submaximal target force during a rapid double-action pinch task and exhibited superior force steadiness during a single-action wrist extension task. These findings are consistent with known motor unit discharge characteristics, which were likely modulated by decision-making strategies related to the speed-accuracy tradeoff.
